Carbon is incorporated into Si͑100͒ to form a thin polycrystalline layer of SiC by laser melting the Si surface after adsorption of propene in ultrahigh vacuum. The SiC layer of thickness up to 25 nm is polycrystalline. Crystallites of size Ϸ100 nm are oriented with respect to the Si substrate and exhibit a diffraction pattern in low energy electron diffraction ͑LEED͒. The evolution of the surface is monitored in real time by recording the Si transient reflectivity at 675 nm at each laser pulse, and after exposure to the laser by LEED, IR spectroscopy, and atomic force microscopy. The formation of the SiC layer is accompanied by very strong variations of both the static and transient reflectivities, by the growth and narrowing of the IR peak assigned to ␤ SiC, and by the increase of the C incorporation rate. The SiC overlayer is very stable against photodesorption, while initially small amounts of C on Si are photodesorbed in a few laser pulses. Recording the transient reflectivity during processing allows one to evidence that the laser absorption increases drastically as the SiC layer grows, resulting in ͑undesired͒ larger melting depth and duration that favor incorporation of C in Si below the SiC layer. SiC layers of improved quality might be obtained by active control of the laser fluence by means of the reflectivity transient.
I. INTRODUCTION
Carbon incorporation in silicon and silicon germanium is of major interest for the realization of silicon based electronic and optoelectronic components based on band gap and strain engineering in IV-IV alloy (Si 1ϪxϪy Ge x C y ) heterostructures. Addition of carbon in substitutional sites in Si or SiGe is used mainly to tailor the lattice parameters and the strain in the heterostructures. However, carbon solubility in silicon, at thermal equilibrium, is much lower (Ϸ10 Ϫ5 ) than necessary for this purpose. Actually Si 1ϪxϪy Ge x C y epilayers with yϷ1% may be formed by out of equilibrium growth techniques such as UHV-chemical vapor deposition ͑CVD͒, 1 molecular beam epitaxy ͑MBE͒, 2 or pulsed laser induced epitaxy ͑PLIE͒. In preceding papers, we have shown that PLIE allows the incorporation of C in substitutional sites in Si and Si 1Ϫx Ge x from either C ϩ implanted films, 3 or from gas phase using methane and propene. 4 By this method, substitutional C concentrations up to 0.8% have been obtained in Si 1Ϫy C y or Si 1ϪxϪy Ge x C y films. Larger doses of C result in the growth of silicon carbide ͑SiC͒ precipitates, which are quite undesirable in Si 1ϪxϪy Ge x C y /Si heterostructures. [4] [5] [6] In fact, these SiC precipitates may be considered as precursors for the growth of a silicon carbide top layer on silicon. In this work, we study the laser induced growth of SiC on Si͑100͒ by PLIE, operated in UHV conditions, C being incorporated from propene adsorbed on the silicon surface.
SiC is a promising material for high power, high temperature, and high frequency microelectronics, provided that reliable and efficient methods can be found to incorporate it in devices. SiC has a large band gap, a high thermal stability, and very good thermal conductivity and electron mobility. However, the deposition of thin layers on top of Si is difficult. The large lattice mismatch of 20% and the differences in thermal expansion between Si and 3C-SiC ͑or ␤ SiC͒ results in misfit dislocations and stacking faults.
7 3C-SiC has been grown on Si by different techniques such as MBE, 8 CVD, 9 supersonic jet epitaxy, 10, 11 or laser ablation. 12 Contrary to these techniques which need high substrate temperatures ͑from 600 to 1400°C, depending on the technique͒, SiC growth by PLIE may operate at room temperature. Moreover, the SiC growth is localized to the laser irradiated area, allowing one to realize directly two-dimensional SiC/Si heterostructures on a silicon wafer.
UV laser melting has been known for a long time to allow various types of surface modification, depending on the chemical nature of the adsorbate and/or the gas interacting with Si. 13, 14 Several processes are induced and/or strongly enhanced by UV laser melting of Si: desorption, diffusion in the liquid phase, segregation at the solid/liquid interface, and epitaxy from the unmelted solid during cooling. While diffusion in the liquid phase does not vary significantly from one impurity to another, desorption and segregation at the Si liquid/solid interface depend strongly on the chemical nature of adsorbates. The fraction of adsorbates undersorbed by the laser pulse may be located at the surface or in the bulk, depending on segregation. This has a strong influence on both the final state of the substrate in a single pulse, and on the desorbed fraction at the next pulse. Cleaning, etching, doping, and dopant profile redistribution may occur. Cleaning ͑in a clean environment, ideally UHV͒ and etching ͑in the presence of halogens͒ are favored by strong desorption and segregation, while doping is favored by small desorption and segregation.
In the literature, the melting dynamics has been measured through time resolved measurements of the Si reflectivity at wavelengths ͑633 or 675 nm͒ where solid and liquid Si have very different reflectivities. [15] [16] [17] Numerical simulations assume the instantaneous conversion of electronic excitation into heat, and calculate the temperature depth and time profiles as a result of laser absorption and heat flow. 18 They can be compared to transient reflectivity ͑TR͒, transient conductance 19 as well as to time unresolved measurements, like impurity depth profile, [20] [21] [22] [23] time of flight mass spectrometry, 24 and Auger electron spectroscopy ͑AES͒.
24
The competition between desorption and diffusion to the bulk was studied in the case of Cl experimentally 24 and numerically, 25 showing that the branching ratio between desorption and diffusion to the bulk is ''decided'' in the first nanosecond of melting. The surface remains depleted from adsorbates during melting. The influence of impurities at the surface on the melting dynamics has been evidenced recently under conditions of ultrahigh vacuum and single pulse sensitivity, and found to be correlated with changes of the yield of photoemitted conduction electrons. 26 Moreover, numerical analysis of the TR shows that heat diffusion is reduced near the surface during the time of photoexcitation of solid Si. 27 These results suggest that while the melting dynamics is essentially controlled by the temporal profile of the laser pulse and by heat diffusion, the density of conduction electrons is large enough to modify the thermal properties of Si, presumably by weakening the Si-Si bonds. 26, 27 In this work, we report on the formation of a SiC layer on top of Si induced by laser melting under UHV conditions. This is obtained in a few thousand laser pulses at chamber pressures in the range 10 Ϫ8 -10 Ϫ6 mbar. We observe the formation of a SiC layer of thickness up to 25 nm, characterized by a small IR bandwidth of the ␤ SiC vibration and the c2ϫ2 low energy electron diffraction ͑LEED͒ pattern of ␤ SiC. The layer is polycrystalline. Crystallites have a size of Ϸ100 nm and they are oriented with respect to the substrate. Monitoring the TR as a function of pulse count allows one to observe strong variations of the melting dynamics during the formation of the SiC layer, which are related to the evolution of the optical and thermal properties as the layer grows. The results show that the pulse energy should be optimized in the course of processing to keep appropriate melting duration and depth.
II. EXPERIMENT
Experiments are carried out under a base pressure of 2 ϫ10 Ϫ10 mbar on B-doped 1.5 ⍀ m Si͑100͒ surfaces. Si cleaning is by heating at 350°C for 12 h followed by a short anneal to 1100°C. It is checked by LEED and AES. Sharp LEED patterns are observed before laser processing. The intensity of a s polarized, cw probe laser diode at 675 nm is recorded with a time resolution of 2 ns after its reflection on the silicon sample. The reflected beam is passed through an interference filter and detected by a fast semiconductor detector, the linearity of which is carefully checked. Melting is induced by a pump XeCl laser at 308 nm. The angles of incidence are 0°and 12°for the pump and probe lasers, respectively. The pump beam passes through a lens array homogenizer. The plane where the energy distribution is homogeneous is optically conjugated with the sample, the size of the uniformly irradiated area being ϳ2ϫ3 mm 2 . The size of the probe laser spot on the sample is 0.1 mm 2 . Charges photoemitted by the excimer pulse are collected at 5 mm from the sample on a filament electrode ͑1 mm diameter, biased ϩ90 V to the sample͒. At 308 nm only electrons of the conduction band can be photoemitted by absorption of one single photon. The photoelectron current thus reflects the conduction band electron density. The time resolution of Ϸ50 ns does not allow the investigation of the time dependence of photoemission. However, at ''long'' times ͑Ͼ70 ns͒ a slow signal is observed that corresponds to the laser induced desorption of ions. All signals are recorded on a digital oscilloscope ͑500 MHz bandwidth͒ in one single laser shot. Adsorption is made by continuous exposure to propene through a capillary directed towards the sample. The propene pressure in the UHV chamber is tuned in the range 10 Ϫ8 -10 Ϫ6 mbar, but the local pressure is larger by a factor of Ϸ8. This value is estimated by monitoring the evolution of the C incorporation rate as a function of pressure and/or laser repetition rate: saturation of the rate indicates saturation of the surface by propene between two laser shots. Since the sticking coefficient of molecules similar to propene is 1, 28 this allows to calibrate the local pressure. Introduction of propene in the UHV chamber is controlled by means of a quadrupole mass spectrometer. Fourier-transform infrared ͑FTIR͒ spectroscopy and atomic force microscopy ͑AFM͒ measurements are performed ex situ. FTIR absorption spectra are obtained by difference between spectra of laser processed and nonprocessed areas of the sample. The measured integrated absorption peak of ␤ SiC at 798 cm Ϫ1 is used to derive the thickness of the SiC layer following the calibration of Ref. 29 .
III. RESULTS
The shape of the TR as a function of laser fluence is described in detail in Ref. 27 . Briefly, the reflectivity of solid Si varies between 0.33 at room temperature and 0.40 at the melting temperature ͑1683 K͒, while the reflectivity of liquid Si is 0.7. During melting, the substrate can be described as a multilayered optical system ͑liquid Si on top of heated layers on top of room temperature Si͒, and the reflectivity depends on the resulting interference effects. In the case of Si, the reflectivity increases smoothly from 0.33 to 0.70 when the melted depth varies from 0 to Ϸ20 nm with an experimentally observable but small maximum due to the multiple in-terferences. The TR height R max depends on the melted depth while the width ⌬T ͑measured at Rϭ0.4͒ is the melting duration. Both height and width increase with laser fluence, but the height saturates at the value of liquid Si reflectivity, which is reached when the melted depth equals the liquid Si absorption length at 675 nm ͑Ϸ20 nm͒. In this work, the pulse energy is Ϸ600 mJ/cm 2 , resulting on clean Si in a melted depth of Ϸ17 nm and in a maximum reflectivity R max of Ϸ0.65. Single-shot TR records of a Si surface with adsorbed propene are shown in Fig. 1 . As can be seen in the figure, the formation of the SiC layer on top of Si modifies both the static reflectivity of the solid and R max and ⌬T. The evolution of the TR with pulse count shows four successive stages ͑Table I͒. The transition from one stage to the next one depends on the parameters that determines the propene dose between two laser shots ͑i.e., propene pressure and laser repetition rate͒. In what follows, we indicate the pulse counts ͑counted from start of growth, not individually for each stage͒ corresponding to the conditions of Fig. 1 , namely a local pressure of 5ϫ10 Ϫ7 mbar and a repetition rate of 1 Hz. Note that the experiments corresponding to Fig. 2 were done at different pressures.
A. Stage 1: Pulses 1-8
The TRs for this stage are not shown in the figures ͑they can be found in Ref. 26͒ . At the first shot, melting is deeper and lasts longer than on clean Si (R max ϭ0.67 and ⌬Tϭ19 ns, to be compared to 0.66 and 17 ns͒. At the next pulses, R max decrease to reach 0.63 at pulse 8. These small changes are attributed in Ref. 26 to variations of the conduction band electron density induced by propene and/or SiC point defects, that affect the thermal properties. On clean Si, the incorporated C dose is calculated to be Ϸ0.02 ML per pulse, using a numerical simulation of the desorption-diffusionsegregation kinetics ͑see discussions later͒. Thus, at this stage the incorporated C dose is Ͻ0.16 ML and it is distributed over Ϸ8 nm ͑calculated width at half maximum͒.
B. Stage 2: Pulses 9-É200
R max and ⌬T exhibit large variations, increasing up to 0.70 and 30 ns. Assuming that the incorporated dose per laser pulse remains constant with pulse count, this stage corresponds to the transition from a weakly carbonated ͑Ͻ0.16 ML͒ to a heavily carbonated overlayer ͑Ϸ4 ML of C distributed near the surface͒. The FTIR spectrum ͓Fig. 2͑a͔͒ at the end of this stage exhibits essentially a band at the frequency of ␤ SiC ͑798 cm Ϫ1 ͒ with a width of 53 cm Ϫ1 . A peak at Ϸ600 cm Ϫ1 corresponding to C in interstitial sites of Si is hardly visible. The integrated peak absorbance corresponds to a thickness of 6 Å, in reasonable agreement with the estimation of 4 ML of incorporated C. In a previous PLIE study at 1.17 J cm Ϫ2 , C was found only in interstitial sites of Si ͑band at 600 cm Ϫ1 ͒ after 100 laser pulses, and mainly ͑Ϸ94%͒ in precipitates of ␤ SiC after 300 pulses. Thus, stage 2 corresponds to a transition from substitutional C in Si to SiC. SiC may form either a layer or three-dimensional ͑3D͒ islands on top of Si. There is no indication of order of the SiC overlayer by LEED. Only the 2ϫ1 pattern of Si͑100͒ is observed, and it becomes more and more diffuse. 
C. Stage 3: Pulses É200-É1000
The TR changes dramatically. R max now decreases down to 0.60, while ⌬T increases considerably up to 95 ns ͑Fig. 1͒. In addition, the SiC layer becomes thick enough to modify slightly the static reflectivity which decreases from 0.33 to 0.31 at pulse 1000. The FTIR absorption spectrum still exhibits mainly the peak of frequency 798 cm Ϫ1 . However, two other features appear in the spectrum. One is the peak at 607 cm Ϫ1 corresponding to C atoms occupying interstitial sites in the Si lattice, which ͑re͒appears to reach an intensity of 0.07 relative to the main peak at the transition between stages 3 and 4. The second is a shoulder on the higher frequency side of the peak of ␤ SiC. The deconvolution of the band shows that the amplitude of the shoulder relative to the main peak is rather large ͑Ϸ0.77͒. The satellite peak is at 836 cm Ϫ1 . Its bandwidth is considerably larger ͑Ϸ3 times͒ than that of the main peak ͑which decrease with pulse count down to 42 cm Ϫ1 at the end of stage 3͒. The overall intensity of the band ͑main peakϩsatellite͒ corresponds to an SiC thickness of 48 Å at the end of stage 3, showing that the C uptake per laser pulse has significantly increased during stage 3 by a factor of Ϸ2. If 3D SiC islands were formed initially, it may be expected that they have now coalesced, yielding a better ordered surface. However the LEED pattern at this stage is still a diffuse 2ϫ1.
D. Stage 4: Pulses É1000-2850
The static reflectivity changes considerably, going down to 0.20. In addition, R max and ⌬T now both decreases ͑Fig. 1͒. However, ⌬T remains as large as 80 ns ͑Table I͒. The FTIR spectrum still exhibits the same features. The band of the Si-C vibration of ␤ SiC at 798 cm Ϫ1 continues to increase and narrow ͑down to 36 cm Ϫ1 ͒. The peak of C at interstitial sites of Si and the shoulder of the ␤ SiC peak keep on increasing faster than the ␤ SiC peak, reaching intensities of 0.11 and 1.8, respectively, after 2850 pulses ͑Fig. 3͒. The rate of C uptake ͑as measured using the integrated FTIR peak intensity of the 8b SiC peak and its shoulder͒ increase again between stages 3 and 4 by another factor of 2. Since the lattice mismatch between Si and SiC is large, dislocations are expected in the SiC layer. In agreement with this expectation, AFM images of the surface show that SiC is polycrystalline. The size of crystallites is Ϸ100 nm and the roughness was found in the range 10-20 Å at stages 3 and 4 ͑Fig. 4͒. The relationship between roughness and experimental conditions was not systematically studied. However, it seems that the surface is rougher when larger doses of propene are used between laser pulses. In addition, the longer melting at the end of stage 3 seems to result in a rougher surface, the smallest roughness being obtained in the middle of stage 3. Although the SiC layer is polycrystalline, it exhibits at stage 4 the c(2ϫ2) LEED pattern of ␤ SiC, 30, 31 showing that the surface is ordered, and that the crystallites are oriented by the substrate.
IV. DISCUSSION

A. Numerical simulation of the C concentration depth profile on clean Si
We have used a code initially developed for Cl on Si. 25 The C depth profile is calculated as a function of time during FIG. 2 . FTIR absorption spectra of Si processed by PLIE in the presence of propene at 630 mJ cm Ϫ2 ͑a͒ at the end of stage 2, ͑b͒ during stage 3, ͑c͒ at the end of stage 3, and ͑d͒ during stage 4. For clarity, a sensitivity factor is applied to ͑b͒, ͑c͒, and ͑d͒ as indicated on the figure. The local pressure is 2ϫ10 Ϫ5 , 6ϫ10 Ϫ8 , 2ϫ10 Ϫ7 , and 5ϫ10 Ϫ7 mbar, and the number of laser pulses is 400, 4000, 3000, and 2850 for ͑a͒-͑d͒, respectively. one single laser pulse, taking into account desorption, diffusion in the liquid phase, and segregation at the solid/liquid interface during heating and melting. 1 ML of propene is initially adsorbed on Si. The temporal evolution of the temperature and melted depth are calculated separately, compared with the experimental transient reflectivity, and used as input into the code. The code has been tested with data concerning Cl on Si, which have been fitted to AES results of the Cl remaining on the surface, etch rate measurements, and secondary ion mass spectroscopy depth profile. In the case of Cl, the calculation has shown that the Ϸ40% fraction of undesorbed Cl spend the time of the laser pulse inside the melted layer, but are found mostly at the surface after the pulse, due to segregation: 24, 25 Cl is a case where the final bulk contamination is small, if not negligible. A difference of 0.5 eV was found between the desorption energies from liquid and solid Si, corresponding to the Si latent heat of melting: we assume that it also applies to propene desorption. Propene chemisorbs on Si without dissociation. 28 However, at the high temperature achieved in the present experiments, CH and CC bonds are broken and all H atoms desorb: no signal from CH or CC is observed by FTIR. The unknown desorption energy of propene is assumed to be equal to that of ethylene ͑1.7 eV͒, 32 significantly smaller than that of chlorine ͑3.7 eV͒. First order desorption with a preexponential factor of 10 13 s Ϫ1 is used as for Cl. C experiences a segregation of 0.07 at the liquid/solid interface of Si, 33 to be compared to an upper limit of 0.02 for Cl. 25 The calculated C concentration depth profile results from the desorption of 98% of the propene ML, 90% being already desorbed when the surface starts melting: propene is a case where bulk contamination is limited by desorption. Figure 5 shows that the surface is depleted very quickly from C, mainly by desorption, but also for a minor part by diffusion into the liquid layer, which results in the presence of C below the surface after melting ͑shown in the insert͒. The final C concentration depth profile exhibits a decay with depth ͑as expected in a case where segregation at the liquid solid interface ''pushes'' C atoms towards the surface during recrystallization͒. Calculated C depletion in a surface layer of Ϸ10 Å ͑insert of Fig. 5͒ does not fit available experimental depth profiles. 34 It is due to the small desorption energy of propene, which at this stage of the process should be replaced in the calculation by the presumably larger desorption energy of C atoms. This, however, does not influence significantly the time integrated desorbed C, since C desorbs essentially at the very beginning of heating: as can be seen in Fig. 5 , the desorption rate falls by Ϸ3 orders of magnitude after Ϸ1 ns. The second desorption peak of Fig. 5 appears at the end of melting ͑after 24 ns͒ when segregation brings back undersorbed C to the surface. Although this second peak is large enough to influence the final C depth profile, it is very small with respect to the first desorption peak.
B. Laser desorption of propene and C from SiC
The results of the calculation shown in Fig. 5 fit well the incorporation rate of C into Si during stages 1 and 2, as measured by FTIR. However, as the surface evolves into a c2ϫ2 ␤ SiC, the incorporation rate of C increases by a factor of Ϸ2 between stages 2 and 3, and again Ϸ2 between stages 3 and 4. Since C incorporation is strongly limited by the desorption of a large fraction of adsorbed propene, this is probably related to a decrease of the desorption rate of propene. Perhaps propene dissociates on SiC, the fragments being more strongly bound than propene, or the desorption energy of propene is simply larger on SiC than on Si. Laser desorption of C is also much stronger on clean Si than on SiC: at stages 1 and 2 the TR returns to that of clean Si in a small number of laser pulses as soon as propene is not readsorbed. Similarly, cleaning of Si from native C ͑as monitored by AES͒, is obtained in a few pulses. 24 However, it is no longer the case during stages 3 and 4: laser desorption of the SiC layer is inefficient. The lower desorption rate of propene and its fragments on SiC is also confirmed by the desorbed ion signal induced by the laser at 308 nm, which is observed to decrease by nearly one order of magnitude between stages 1 and 4.
C. Assignment of the FTIR peaks
The bandwidth of vibrational transitions in solids is well known to have homogeneous and inhomogeneous components. The homogeneous part of the bandwidth is due to the finite lifetime of the excited vibrational state, while the inhomogeneous part is due to the fact that the central frequency of a vibrational transition varies with the environment of the vibrator. If vibrators are dispersed in an inhomogeneous medium, the bandwidth may increase beyond the homogeneous width. A value of 28 cm Ϫ1 was reported for the SiC vibration bandwidth in solid SiC. 35 We find larger values, that are probably related to the inhomogeneous broadening which may be induced in our case by several factors: the distribution of crystallite size, the chemical inhomogeneity in the polycrystalline SiC layer, or even inside crystallites ͑includ-ing the presence of SiC vibrators at the surface of crystallites͒. It follows that the narrowing of the peak of ␤ SiC during laser processing down to 36 cm Ϫ1 after 2850 laser pulses most probably suggests that the SiC layer is more and more homogeneous as laser processing evolves. However, at the same time, the peak of C at interstitial sites of Si also grows. This may be due to the considerable increase of the melting duration at stages 3 and 4 with respect to stages 1 and 2, and the related larger melted depth: diffusion of C atoms inside Si during melting is easier and easier as the melting duration increases, resulting in a deep, weekly carbonated layer below the SiC layer, where C is most probably at interstitial sites. Clearly, the increase of the melting duration is not desirable and the laser fluence should be lowered at stages 3 and 4, with the expectation of a strong reduction of C diffusion to deep interstitial sites of Si: the FTIR spectrum at the beginning of stage 3 shows that under appropriate conditions the C concentration at interstitial sites may be very small.
The shoulder of the ␤ SiC band might have the same origin. Under the conditions of larger temperature and longer and deeper melting, epitaxy in the liquid phase is expected to occur under a larger heat flow, and more and more out of equilibrium. This is known to reduce segregation and would increase the height and width of the tail of the C depth profile. This may result in the formation of small crystallites of SiC disconnected from the main SiC layer. Such precipitates might be very small, have a broad distribution of size, and be strongly coupled to the Si lattice, which would broaden and presumably shift the Si-C band. Based on the decomposition of the FTIR SiC peaks ͑Sec. III D and Fig. 3͒ and assuming a similar vibrational transition probability for SiC in both carbide and substitutional forms, there would be 16 times more carbon in the form of carbide precipitates than in the form of substitutional carbon. As for interstitial C, reducing the laser energy during the PLIE process to keep the melting duration around 20 ns should allow to lower significantly the amounts of this unwanted form of SiC.
D. Variation of the optical parameters during the growth of the SiC layer
The static optical properties of the surface depend on multiple interferences between the reflected beams at the vacuum-SiC and SiC-Si interfaces. The onset of decrease of the static reflectivity at 675 nm at the end of stage 3 implies that both the permanent and transient optical properties change at 308 nm. The permanent change may explain the observed variations of the melting dynamics. Since the thermal and optical parameters of the carbonated layer are not precisely known, we have not attempted the calculation of the melting dynamics. However, we have calculated the static reflectivity of a layer of SiC on Si as a function of SiC thickness at 308 nm ͑Fig. 6͒. We used 2.4 and 5ϫ10 3 cm
Ϫ1
for the real and imaginary parts of the refraction index of SiC 36 and the standard values for liquid Si ͑which are not much different from the solid at 308 nm͒. 18 SiC and Si differ strongly at 308 nm, SiC absorbing little while Si absorption is very large. As a result, the reflectivity oscillates very strongly as a function of SiC thickness, decreasing from 0.7 to 0.07 at a thickness of Ϸ30 nm. This implies that the laser energy available for melting increases by a factor of Ϸ3 from clean Si to a SiC thickness of Ϸ30 nm. Although this calculation is not accurate, it suggests strongly that the large increase of the melting duration until the end of stage 3, and its decrease during stage 4, are due to optical effects that couple very strongly the SiC/Si system with the laser beam for a certain SiC thickness. As pointed out earlier, this suggests that an active control of the process of SiC growth would be to use the duration of the TR signal to adjust the laser energy at the next laser pulses.
V. SUMMARY AND CONCLUSION
PLIE is applied to the formation of a SiC layer on Si. A polycrystalline layer of thickness up to 25 nm forms with crystallites of size Ϸ100 nm oriented with respect to the surface and exhibiting a c2ϫ2 LEED pattern. In the conditions used here ͑i.e., constant laser energy during processing͒ the SiC crystallites are more and more ordered, but much C is also incorporated beneath the SiC layer, presumably in substitutional sites for Si for a minor part, and in very small SiC precipitates for the main part. TR allows to identify the various stages of the formation of the SiC layer, showing that the melting duration ͑and presumably depth͒ increase strongly with SiC thickness. This suggests to use the TR width as an input signal in an active controller of the laser energy. Keeping the melting duration at Ϸ20 ns might allow to improve the quality and usefulness of the SiC layer by minimizing the C concentration below the SiC layer.
